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(54) Method and apparatus for TDM/TDMA communications 



(57) In a power splitting passive optical network 
(PSPON) (101) which provides fiber-to-the-home (FT- 
TH), time division multiplexing/lime division multiple ac- 
cess (TDM/TDMA) communication is employed for 
downstream/upstream transmission over a fiber. A 
framed structure is used for the downstream transmis- 
sion of ATM cells from an optical line card (OLC) to a 
splitter (1 04) in the outside plant and thence to a plurality 
of optical network units (ONUs) (106) which are each 
associated with a homo or business. The ONU at each 
home/business is connected to end user terminal equip- 
ment such as one or more PCs (109). televisions (111), 
and telephones (107). The ATM cells transmitted within 
each fixed length frame may be addressed to a specific 
ONU for a particular end user terminal, or they may be 
broadcast to many or all ONUs. An ATM cell may also 
carry a control channel or messages directed to the 
ONUs. A framed structure is also employed for up- 
stream burst transmission from the plural ONUs to the 



OLC. Specifically, in the upstream direction each ONU 
transmits one burst per frame that includes a header and 
a payload containing a variable number of bytes. The 
length of each payload in a burst transmitted upstream 
by an ONU is determined as a function of the bandwidth 
requirements of the end user terminal equipment con- 
nected to that ONU as well as the bandwidth require- 
ments of the end user terminal equipment at the other 
ONUs. When the bandwidth requirements at an ONU 
changes, that information is communicated upstream to 
the OLC where an upstream bandwidth message is cre- 
ated and transmitted downstream to the ONUs. That up- 
stream bandwidth management message modifies the 
length of the payload in the burst in a subsequent frame 
transmitted by that ONU whose bandwidth require- 
ments have changed, and also changes the locations 
within the frame that the other ONUs transmit their 
bursts if they transmit in the frame after that payload- 
lenglh modified ONU. 
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Description 

Technical Field 

[0001] This invention relates to Time Division Multi- 
plexing/Time Division Multiple Access (TDM/TDMA) 
communications. 

Background of the Invention 

[0002] In systems employing TDM/TDMA for the 
transmission of signals, TDM is typically used to trans- 
mit signals downstream from a network end to a plurality 
of end-user terminals at a home or business over a sin- 
gle channel. At the home or business end, a receiving 
terminal receives all downstream transmissions that are 
directed both to It and the other end-user terminals. 
However, in each received frame of data bytes, only 
those bytes that are properly intended for a particular 
receiving terminal are delivered to that terminal for 
processing. Typically, this can be done by a assigning 
different time-slots in each frame to specific receiving 
terminals. Each receiving terminal thus only "looks" in 
its assigned time-slot for the bytes directed to it. Alter- 
natively, the downstream signal, if originating, for exam- 
ple, from a broadband asynchronous transfer mode 
(ATM) network, may consist of a sequence of ATM cells 
which each include header information indicating an ad- 
dress of the destination(s) to which the cell is directed. 
A receiver terminal then only "picks out" the ATM cells 
that are addressed to it or are broadcast to many, and 
discards the other ATM cells addressed elsewhere 
[0003] In the upstream direction, TDM A transmission 
is used for transmitting the outputs of multiple end-user 
terminals back to the network end. One way this is im- 
plemented is to allow an end-user terminal to transmit 
back to the network end only during a specific time-slot 
each frame. At the network end, therefore, the bytes re- 
ceived from the multiple end-user transmitting terminals 
are demultiplexed into separate plural data streams in 
accordance with the time-slots each frame during which 
they are received. 

[0004] Whereas the one-to-many aspect of TDM 
downstream transmission on a single channel is imple- 
mented in a relatively straight-forward manner at both 
the network end and the end-user terminal end, up- 
stream transmission from a plurality of end user termi- 
nals to a single network end presents several technical 
difficulties with respect to the management of the avail- 
able upstream bandwidth. This is particularly true in dig- 
ital broadband access networks that employ optical fib- 
cr-to-thc-homc (FTTH) : utilizing a power splitting pas- 
sive optical network (PS PON) topology. As presently 
configured, each PSPON fiber can support up to 32 
homes or businesses. In such a system, bi-directional 
communications over a single fiber is achieved using 
coarse wavelength division multiplexing (CWDM), in 
which one wavelength. 1550 nm, is used for down- 
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stream communications to all home/business end user 
terminals that are connected to that fiber. Another wave- 
length, 1310 nm : is then used for transmission to the 
network end of upstream data from all those connected 

5 homes/business terminals. That data, in both directions, 
can include video, data (e.g., Internet-type data), and 
digitized voice. In such systems, the fiber is terminated 
at the home/business by an Optical Network Unit 
(ONU), and at the network end by an Optical Line Card 

io (OLC). 

[0005] In such systems, ATM in a frame structure is 
employed for downstream transmission while ATM 
transmitted in bursts is used for upstream transmission. 
Prior art PSPON based systems use a framed structure, 
*5 in the downstream direction, that consists of 2968 bytes 
at a bit rate of 155.52 mbits/sec. These 2968 bytes in 
each downstream frame, represent 56 ATM cells/frame, 
each cell consisting of a 5-byte header and a payload 
of 48 bytes. Addressing information is included within 
that 5-byte header, which enables each of the up to 32 
end user ON Us to select for reception by its connected 
terminals only those ATM cells that are broadcast or 
specifically addressed to it. In the upstream direction, 
the ONUs transmitting to the OLC consecutively trans- 
mit bursts, each burst containing a single ATM cell. As- 
suming an additional 3-byte burst header, each burst is 
thus 56 bytes long. Each 2968 byte frame, therefore, 
contains 53 bursts, each being 56 bytes. If each ONU 
transmits one burst per frame, approximately 2.777 
mbits/sec of user ATM upstream bandwidth is available 
to each end user terminal. Disadvantageously. a finer 
bandwidth granularity (e.g., less than 2.777 mbits/sec) 
per end user terminal requires assigning p bursts every 
m frames, requiring a complicated upstream bandwidth 
management procedure. Further if an end user terminal 
requires a higher upstream bandwidth (e.g., higher than 
2.777 mbits/sec), the ONU must manage multiple bursts 
per frame from such a terminal. Digital voice communi- 
cations in prior art system has further inefficiencies. 
Specifically, since the bandwidth requirement for a dig- 
ital voice channel is only 64 kbits/sec (equivalent to one 
byte per frame) , 47 of the 48 payload bytes in each ATM 
cell containing digitized voice in each upstream burst re- 
main unused (assuming one burst every 125 jisec). If, 
alternatively, 48 voice samples are accumulated over a 
6 msec period before being transmitted, echo cancella- 
tion will likely need to be implemented due to the delay 
imposed on the transmitted voice samples. Further- 
more, the 8000 samples/sec associated with digital 
voice circuits cannot be simply generated from the non- 
8000 frames/sec frame rate. 

[0006] A need therefore exists to bettor control the 
bandwidth allocation to end user terminals of ail types, 
and especially as applied to digital transmission of voice 
signals. 
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Summary of the invention 

[0007] In accordance wiih tnc orescnt invention, effi- 
cient bandwidth allocation s achieved by using variable 
lenqtn bursts lor upstream transmission Rather than 5 
setting the length ol each uostcam Durst at a fixed 
lengn tnc Jcnqih ol each burst is determined in accord- 
ance with the actual bandw din requirements of the 
transmitting end user terminal in particular and de- 
pending upon the overall bandwidth requirements cf all 10 
the end user terminals transmit! ng over the upstream 
channel the number of payioad bytes per burst can vary 
between zero and the total number of payioad bytes al- 
located per frame The latter wou d occur if on y one end 
user terminal is connected to the ctvmnci lor upstream is 
communication In the mo r c likely scoano of multiple 
erd user terminals communicating over the channel the 
to:al number of bytes per upstream frame are drvided 
among all the cna user transmitting leir-im-tu* m accord- 
rincu Witti their current bandw dtt icgu» cHin.-rtf & *ri<J the ?0 
overall bandwidth caoacity of the channel E.*ch enc us- 
er transmitting terminal then transmits one and o"»iy one 
burst each frame That bu-st contains ail tno digital m 
formation that the end user is transmitting upi.trr.im to 
tho network ond including for oxamplc vtdeo o.«ta and 
digital voice Advantageously a high ceg-oc of qunu 
lanty in allocating bandwidth can be acnicvcc »mcc the 
burst length can bo adjusted m enc* byir inrtr»mr»nt^ 
[0006] For the specific embodiment cf tno * S^ON to- 
pology in which frames arc conveniently t ansm^rred a! 30 
8000 frames per second and in which the upstream 
frame comonscs 2«i30 bytes ban^widtr can po as 
signed in one byte x 80C0/sec increments or equivalent- 
ly 64 koit/soc increments Advantageously included 
within the payioad of each upstream burst transmuted J5 
by the ONU that is connectec to one or more end user 
terminals then being used is one byte per c<r act've 
digital voice channel required by that end user "h t s rf 
there is no current active telephone con^crsat on no 
bytes are used. whc r cas if one voice cnannc* is actrvc <*0 
a single byio in the upstream burst is allocated to and 
used for digital voice transmission Additic na vc«cc or 
cuits associated with that same ONU are tr rt rsrrittcd in 
additional bytes in the upstream burst the barowidin 
allocated for each such digital voice channel is thus an *3 
efficient 64 kbil/scc for the specific example of a frame 
arrangement noted above. 

[0009] In order to manage the allocation of upstream 
bandwidth among the plural end user terminal* trans- 
mitting upstream information, the terminating terminal so 
associated with each end user, such as the ONL is as 
signed the timing and length of its upstream TDWA clot 
This is effected through the broadcast of downstream 
cells containing slot assignment or modi'io-.hon mes- 
sages to the terminating terminal. The slot assignment 55 
messages include information used for as^ignm^ * «uot 
of a specified length to a particular end user term.nHtmg 
terminal. Such information thus includes where nc 



from which byte position) within each upstream frame 
that the terminating terminal is to transmit, and how 
many bytes the payioad of each burst from that terminal 
is to be. An assignment message is used to assign an 
upstream slot to a newly installed end user terminating 
terminal and to reassign (i.e., confirm) an existing as- 
signment as a fault recovery mechanism. A modification 
message is used to change the length of an existing slot 
assignment and/or the number of digital voice channels 
associated with the terminating terminal to which the 
message is directed. Such a message, by necessity, is 
also used to move the location of all assigned slots lo- 
cated after that modified slot in the frame. 

Brief Description of the Drawing 

[0010] 

FIG. 1 is a block diagram of a PSPON fiber system 
incorporating the present invention; 
FIG. 2 is a block diagram of the Optical Line Termi- 
nal (OLT) at the network end in FIG. 1 that intercon- 
nects an ATM network and a Public Switched Tele- 
phone Network with the PSPON fibers; 
FIG. 3 shows the fields within a word in a slot as- 
signment memory located at the network end, which 
stores for each ONU the format of the transmitted 
upstream burst, including its payioad size and the 
number of bytes associated with voice circuits in 
that payioad; 

FIG. 4 is a block diagram of Optical Line Card (OLC) 
at the network end of the system of FIG. 1 ; and 
FIG. 5 is a block diagram of the ONU terminal at the 
outside plant in the system of FIG. 1 that intercon- 
nects the PSPON fiber with each end user's termi- 
nal equipment. 

Detailed Description 

[0011] With respect to FIG. 1, a fiber-to-the-home 
communications system 101 is shown that incorporates 
TDM/TDMA transmission over a PSPON fiber 102, in 
accordance with the invention. That fiber 102 intercon- 
nects the network end 103 to a passive optical splitter 
1 04 Splitter 1 04 passively splits the power in the down- 
stream optical signal transmitted from the network end 
103 into up to, for this embodiment, 32 optical fibers, 
105-1 - 105-32. It should be obvious that as technology 
develops lower-loss optical fibers, and/or if spans are 
limited to shorter lengths, the power transmitted in an 
optical fiber could be split into more than 32 fibers to 
server a greater number of end users. Each such optical 
fiber 105-1, for example as shown, is connected to a 
terminal known as an Optical Network Unit (ONU) 106 
at a business or residence location. At the illustrated res- 
idence endpoinL three examples of end user terminal 
oquoment are shown connected to ONU 1 06. These in- 
cudoa telephone station set 1 07 connected over a con- 
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ventional unshielded twisted pair (UTP) of wires 1 08 to 
a telephone interface (not shown) in ONU 106; a per- 
sonal computer (PC) 109 connected to ONU 106 over 
a data link 110, such as an Ethernet, to an Ethernet in- 
terface in ONU 1 06: and a standard television 1 1 1 con- 
nected to ONU 1 06 via a standard coaxial cable 112. In 
order to drive a standard television ONU 106 includes 
(not shown) an MPEG decoder and an NTSC encoder, 
for generating a TV compatible signal from a received 
digital MPEG signal being transmitted downstream from 
the network end 103. 

[0012] At the network end 103, fiber 102 terminates 
in a Optical Line Terminal (OLT) 113 which also termi- 
nates a plurality of other PSPON fibers. Each such other 
PSPON fiber is connected through another power split- 
ter to what may be up to 32 other residences/business- 
es. Included within OLT 113 area plurality of Optical Line 
Cards (OLCs) (not shown in FIG. 1), which each indi- 
vidually terminale a single PSPON fiber. OLT 1 1 3 is con- 
nected to two networks: a broadband network 114, such 
as an ATM network: and a Public Switched Telephone 
Network (PSTN) 115. The broadband network 114, 
which in this illustrative embodiment is an ATM network, 
is typically connected to OLT 113 via a plurality of SON- 
ET fibers, collectively designated as 120. Servers con- 
nected to the ATM network 114. such as an Internet 
server 116 and a video server 117 deliver service, in 
ATM format, onto network 114. Both IP data and MPEG 
video services are currently supported by existing ATM 
standards. Accordingly, no further description of IP data 
or MPEG video over ATM is given herein. OLT 113 is 
connected to PSTN network 1 1 5 via. for example, a plu- 
rality of DS1 circuits collectively 121 . that each deliver 
24 DS0 voice channels. Rather than a virtual connec- 
tion, PSTN network 115 establishes a conventional cir- 
cuit-switched telephone connection to end-users at tel- 
ephone station sets, such as 118. connected to the net- 
work. 

[0013] In the embodiment of the present invention, 
downstream transmission between the network end 1 03 
over PSPON fiber 102 to the up to 32 fibers 105-1 - 
105-32, which are each connected to an ONU, is in a 
TDM fixed frame format that consists of a total 2430 
bytes transmitted at an 8000 frames/sec rate. Down- 
stream optical transmission over the fiber 102 is at a 
1550 nm wavelength. Each frame includes a 3 byte 
framing pattern, leaving a 2427 byte payload. For pur- 
poses of the present embodiment, all downstream pay- 
load data is formatted as ATM cells. Each cell includes 
48 bytes of payload with a 5 byte ATM header. Since 
each ATM cell is 53 bytes long and the frame payload 
is not integrally divisible by 53. each frame boundary is 
typically spanned by an ATM cell. Each downstream 
ATM cell contains what may be either video MPEG data, 
IP data, or other data, and a destination address (con- 
tained within the header) for that cell. That cell may be 
directed to more than one end user terminal. For exam- 
ple, a cell originating from a video server may be broad- 
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cast to al! or plural selected end users' television sets 
that are connected to different ONUs via fibers 105-1 - 
1 05-32. That same cell may also be transmitted over the 
other PSPON fibers to different splitters and ONUs con- 

5 nected thereto. On the other hand, a cell containing IP 
data may be addressed, for example, to only the single 
end user's PC 109 connected to ONU 106. Digitized 
voice data from the station sets connected to PSTN 1 1 5 
are broadcast on fiber 102 to each ONU connected to 

10 fibers 105-1 — 105-32. Specifically, two DS1 frames, 
each consisting of 24 digitized DS0 voice channels are 
combined in a 48 byte channel payload for a dedicated 
ATM virtual circuit (VC). By transmitting downstream 
one such ATM cell per frame, forty-eight 64 kbit/sec 

is downstream channels are provided corresponding to 
voice channels. Each ONU then extracts from that ATM 
cell in each frame the byte that is assigned to its active 
voice channel. If more, N, active telephone station sets 
are connected to an ONU, then N such bytes are ex- 

20 tracted from that cell each frame, each byte being as- 
sociated with one of the voice channels. 
[0014] FIG. 2 illustrates a block diagram of OLT 113. 
It includes an ATM switching fabric 201 to which is con- 
nected a plurality of SONET interfaces 202-1 — 202-M . 

25 SONET fibers 120, connected to ATM network 114 in 
FIG. 1, are connected to SONET interfaces 202. Each 
ATM cell received from ATM network 114 via one of the 
a SONET fibers 1 20 is routed through the ATM switching 
fabric 201 to one or more appropriate Optical Line Cards 

30 (OLCs) 203-1 -203-N in accordance with the cell's ATM 
address. Each such OLC interfaces with a PSPON fiber, 
such as fiber 102 in FIG. 1. As previously noted, each 
PSPON fiber interfaces with a splitter in the outside 
plant, which passively splits the downstream signal into 

35 up to 32 equal optical signals. Thus, each OLC within 
OLT 113 is connected to a separate PSPON fiber 102, 
which in turn supports service provisioning to up to 32 
different residences/businesses. Also connected to the 
input of switching fabric 201 are a plurality of DS1 inter- 
na faces 204-1 - 204-Q, which each support 48 DS0 digital 
voice circuits from a pair of DS1 inputs. 
[0015] In the downstream direction, ATM switching 
fabric 201 receives an ATM cell from the ATM network 
(originating, for example, from a video server or Internet 

45 server) and routes it, in accordance with its address, to 
the proper OLC 203-1 - 203-M associated with its in- 
tended destination. That cell is then transmitted in the 
payload of a frame (or in two frames if that cell spans 
two frames) to the corresponding splitter at the outside 

50 plant location. That cell is then delivered to each con- 
nected ONU. Only if the cell is addressed to ONU 106, 
however, is it accepted by ONU 1 06 and delivered to the 
appropriate connected end user terminal, such as the 
PC 109 or TV 111 , as shown in FIG. 1. With respect to 

55 the 48 DSO voice circuits that are inputted to each DS1 
interface 204. the 48 DSO voice circuits are formatted 
as a single ATM cell and routed by the ATM switching 
fabric 201 to the appropriate OLC for broadcast on that 
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fiber. As noted, each ONU that is connected to that fiber 
extracts only the byte or bytes from that cell that is (are) 
associated with its voice channel(s). 
[0016] In the upstream direction, in accordance with 
the invention, variable length bursts are transmitted by 
each ONU. Each ONU that is connected through the 
same splitter to a common PSPON fiber transmits one 
burst per 2430 byte-length frame back to the network 
end at a wavelength of 1310 nm. Each upstream burst 
contains a 3 byte burst header and a payload consisting 
of between 0 and 2427 bytes. As will be discussed, the 
2430 bytes per upstream frame are divided among the 
actual number of plural ONUs that are connected and 
are operating. Each bt-rst from each connected ONU 
contains one byte per active voice channel that is con- 
catenated with digital video and R data signals, each in 
ATM format, outputted by for cxamole. a video source 
such as a camera, and a PC respectively. Since the 
payload of each burst transmitted by each ONU may not 
have a length that incorporates both :ho number of bytes 
needed for its active vo cc chanrcis plus a full or an in- 
tegral number of ATM cells the bylcs associated with 
such ATM cells are trarsmrtcd fcy the ONU each burst 
to the OLC at the network end wncrc they arc accumu- 
lated to form ATM colls Ai tho OLC oacn ATM cell is 
formed and routed over a SONET loor 120 to the ATM 
network 1 14 for transmission to its intended aostination 
indicated in its hoaner novim*,*; Mich as for example, 
the video server 117 or internet server 116 Within the 
OLC, the digital voice channels ''om nil tho ONUs as- 
signed the corresponding dowr stream VC arc com- 
bined yielding two upstream DSi frames which are out- 
putted through an appropriate DSi nicriace 204 to the 
circuit-switched PSTN network 115 for mdrvidual trans- 
mission of each channel to a telephone station set. 
[0017] In the downstream d reel *on the OLC sequen- 
tially transmits 53-bytc ATM eels within each frame, 
which are broadcast to each ONU Eacr* ONU deter- 
mines whether a received ecu is directed tc it or not. 
Since each received ATM cell originates from the same 
OLC, each cell is timcc to begin transmission as soon 
as the previous cell has been ransmittcd in the up- 
stream direction, however each ourst originates from a 
different ONU Transmssion of each ourst Irom each 
ONU is precisely timed so that it reaches the splitter just 
as another ONU has finishing transmittng its burst. 
Since the loop transmission delays of the fibers 105-1 
— 1 05-32 connecting the ONU 1 06 and splitter 1 04 dif- 
fer in accordance with the length of each fiber loop, a 
ranging procedure is implemented as cacn ONU in the 
system is installed to compensate for loop transmission 
delay thereby eliminating the need for a time interval be- 
tween bursts. Specifically, a ranging procedure is exe- 
cuted as each ONU is installed that results in a common 
loop delay, comprising the loop transmission delay plus 
a calculated and assigned ' ranging delay " Tho "ranging 
delays" are calculated lo also conveniently synchroni7e 
the upstream frames with downstream frames. In the 



specific embodiment described herein, that loop delay 
is set at two frames, or 250 u,sec (based on 8000 frames/ 
sec). Therefore, at the OLC.. the received upstream 
communications consists of a continuous sequence of 
5 upstream frames, each in response to downstream 
frame transmitted two frame periods earlier, each of 
those upstream frames consisting of a sequence of con- 
catenated bursts., one per active ONU. A ranging pro- 
cedure that can be employed is described in co-pending 
10 patent application, Serial No. 09/356,980 filed July 19, 
1999, entitled "Ranging Arrangement and Method for 
TDMA Communications," which is incorporated herein 
by reference. 

[0018] With variable length bursts being transmitted 
*5 upstream, each ONU transmits only one burst per 
frame. Therefore, as noted, only one variable length up- 
stream slot having a length between 3 and 2430 bytes 
is assigned per ONU. Timing for upstream frames is de- 
rived from the downstream signal which includes, as 
20 noted, three framing bytes per every downstream 2430 
byte frame. Once each ONU detects the framing byte 
pattern in the downstream signal, upstream transmis- 
sion is synchronized to the downstream signal. As a sys- 
tem "grows", through the addition of ONUs and associ- 
25 ated end user terminals, bandwidth allocation is redis- 
tributed and slot assignments are modified. Thus, when 
only a single ONU is connected to a splitter, a slot having 
a 3-byte header and a 2427-byte payload is assigned to 
that ONU. As more ONUs are activated, a slot is as- 
30 signed to each, thereby requiring both a re-allotment of 
bytes to the already active ONUs. Specifically, within the 
2430 byte upstream frame, a slot assignment for each 
ONU is made indicating at which byte within the 2430 
byte frame that ONU's slot is to start and how many 
35 bytes that slot should be. As each ONU becomes active, 
it sends an out-of-band signal, such as a tone, back to 
the OLC, which in turn initiates a ranging procedure, pre- 
viously described, to insure an equal loop delay per 
ONU. As part of that ranging procedure, a ranging delay 
-*o is determined for that ONU to ensure equal loop delay. 
That ranging delay is determined by the OLC and trans- 
mitted downstream from the OLC to the ONU, together 
with an assigned identity for that ONU . That ranging de- 
lay is then used by that ONU to artificially insert an elec- 
ts tronic delay to its upstream burst transmissions so that 
all ONUs connected to a common splitter have equal 
transmission delays. Further, each ONU is assigned its 
upstream TDMA slot through a broadcast downstream 
of a Physical Layer Operation and Maintenance 
50 (PLOAM) cell. Such PLOAM cells can be formatted in 
many ways and messages to more than one ONU can 
be combined within a single PLOAM cell. Such PLOAM 
cells are also used to broadcast downstream to all 
ONUs whatever changes may need to be made to slot 
55 assignments in accordance with a received request 
from an ONU for more bandwidth, or a received indica- 
tion that a particular ONU no longer needs all of the 
bandwidth assigned to it. 
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[0019] In the specific embodiment, each upstream 
slot management message contains four fields: 1) a 

1- byte message type field; 2) a 1-byte ONU identifica- 
tion field for indicating the particular ONU to which the 
message is associated: 3) a 6-byte message contents 
field containing the message; and 4) a cyclical redun- 
dant code (CRC) field for error correction. The specified 
sizes of each field are merely illustrative for the embod- 
iment in which 32 ONUs are supported per PON and the 
2430 byte maximum size of a burst. Three message 
types are used for upstream slot management: 1 ) an as- 
signment message, which is used for the assignment of 
a slot to a particular ONU; 2) a modification message, 
which is used for the modification of an already assigned 
slot: and 3) an idle message, which is used for unused 
messages of a multi-message PLOAM cell. 

[0020] An assignment message contains three fields: 
1 ) a 2-byte start_of_slot location, which is the byte offset 
into each upstream frame identifying the first byte of the 
assigned slot; 2) a 2-byte burst_payload_size, which is 
the number of bytes per burst excluding the three over- 
head bytes; and 3) and a 2-byte ds0_channels. which 
is the number of leading bytes per upstream burst pay- 
load representing DSO voice channels, one DSO chan- 
nel per payload byte. Assignment messages are used 
to assign an upstream slot to newly installed ONUs. In 
addition, they are used to confirm an existing assign- 
ment as a fault recovery mechanism. 
[0021] A modification message is used to change the 
length of an existing upstream slot assignment, and/or 
the number of DSO voice channels. These messages 
also move the location of all assigned slots located after 
that modified slot in the frame since increasing or de- 
creasing a slot size necessitates changing the starting 
byte position of each slot that follows as well a possibly 
the size of one or more slots. The modification message 
contains three fields: 1) a 2-byte start_of_change loca- 
tion, which is the byte offset into each frame identifying 
the first byte position to be changed and is typically the 
start-of-slot location of the slot being changed; 2) a 

2- byte change_size, which is a signed quantity indicat- 
ing how many bytes the identified slot is being increased 
or decreased; and 3) a 2-byte dsO_channels. which as 
in the assignment message is the number of leading 
bytes per upstream burst payload representing DSO 
channels, one DSO channel being allocated per pay- 
load byle. In response to a modification message, the 
targeted ONU (identified by an ONU identification pa- 
rameter) changes its assigned slot size (i.e.. its 
burst_payload) by the change_size parameter. Every 
other ONU, which also receives the broadcast mes- 
sage, compares its current start_of_slot boundary to the 
start_of_change paramenter contained in every modifi- 
cation message (targeted to a different ONU). If it has 
a larger start_of_slot boundary than the start-of-change 
parameter, it modifies its start-of-slot location by the 
amount specified by the change_size parameter Oth- 
erwise the modification message is ignored. Therefore. 



10 

as noted, the modification message not only changes 
the length of the targeted slot, it also appropriately 
moves all slots that are located after that targeted slot 
in the frame. The modification messages are the primary 
5 mechanism for reallocating upstream bandwidth as part 
of the bandwidth management process. 
[0022] For an idle message, only the message type 
and the CRC are used, the remaining seven bytes being 
unused. 

w [0023] An ONU that becomes idle can either have its 
upstream slot removed, making that bandwidth availa- 
ble for active ONUs, or it can maintain its slot at a min- 
imum length of three bytes (the burst header, with no 
payload). The former disadvantageously results in a 

'5 continually changing list of upstream slot assignments 
and also requires a mechanism for reactivating idle 
ONUs. The latter minimizes these problems and impos- 
es a maximum impact of only 93 bytes (31x3) should 31 
of 32 possible ONU sites enter the idle stale. 

20 [0024] When the first ONU is installed in the system, 
it is assigned an ONU identification parameter (ONU id) 
having a zero address as part of the ranging procedure, 
and is assigned, as previously noted, the entire 2430 
byte frame. As each additional ONU is added to the sys- 

25 tern, it is assigned the next available ONU id, and the 
upstream bandwidth is reallocated, as previously de- 
scribed, using one or more modification messages fol- 
lowed by an assignment message. 
[0025] An ONU that is assigned a zero 

30 burst_payload_size (burst size of three bytes), and is in 
an idle state suspends all upstream transmission includ- 
ing the header within the 3-byte burst. This is expected 
(by the OLC) since it assigned the idle condition. An 
ONU awakened from the idle state requests bandwidth 

35 by transmitting the header bytes in its assigned 3-byte 
slot. The OLC responds by transmitting upstream band- 
width management messages downstream to increase 
that ONU's assigned burst_payload_size. 
[0026] In order to properly interpret received up- 

-to stream data, the OLC stores an upstream slot map. The 
upstream slot map identifies the sequence of time slots 
which make up a frame, each time slot containing a sin- 
gle transmission burst from one of the ONUs. This map 
is implemented as a list of up to 32 slot entries, which 

-*s are stored in an upstream slot map memory, wherein 
each entry corresponds to each of the connected ONUs. 
The slot entry associated with each ONU identification 
parameter (0-31 ) defines the size and composition of 
the burst, containing both the payload size of the con- 

so tained burst as well as the number of leading DSO bytes 
within that payload. FIG. 3 illustrates the contents of 
each word in the slot assignment memory. Each slot en- 
try 301 defines the size and composition of the burst as- 
sociated with ONU identification parameter. The infor- 

55 mation thus includes a DSO bytes field 302 : which de- 
fines the number of DSO bytes within the payload for 
that burst, and a payload size field 303, which defines 
the total payload size of the burst. In addition, each entry 
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contains information used for storing received ATM data 
from that ONU. This additional information consists of a 
cell pointer 304 to a cell buffer indicating where up- 
stream ATM data should be written, and a byte offset 
305 indicating where the next received byte should be 
written. Whereas the DSO byte(s) that arrive in each 
burst can be directly routed to DS1 interface circuitry, 
the ATM data received within a burst needs to be stored 
since the 53 bytes that make up a single ATM cell may 
not be contained within a single burst and. in fact, could 
be contained in as many a 53 bursts across 53 frames 
if only one byte of payload is allocated to the associated 
ONU for transporting ATM data. 

[0027] FIG. 4 is a block diagram of a single OLC 401 
representing one ol the OLCs 203 in FIG. 2. OLC 401 
contains those components necessary to support a sin- 
gle PSPON 402 for providing service to up to 32 ONUs. 
An ATM fabric interface 403 is an interface to the ATM 
switching fabric of the OLT (201 in FIG. 2). providing 
ATM cells to and leceiving ATM cells from that fabric. 
These ATM cells may be. for example, cells received 
through a SONET interlace 202 from ATM network 114 
transmitted by video server 117 or Internet server 116. 
Those ATM cells could also contain two DS1 frames of 
24 bytes each of digitized voice received through a DS1 
interface 204 from PSTN 115. In the downstream direc- 
tion, the ATM cells received by ATM fabric interface 403 
are inputted to downstream frame generator/idle cell 
generator (DFG/ICG) 404 DFG/ICG 404. at a rate of 
8000 frames/sec. generates a framing structure of 2430 
bytes consisting of 2427 payload bytes and 3 framing 
bytes. Also inputted to DFG/ICG 404 are upstream 
bandwidth management messages (e.g.. the PLOAM 
cells previously described), which are outputted by mi- 
croprocessor controller 405. These upstream band- 
width management messages, encapsulated in ATM 
cells and the ATM data cells received from ATM fabric 
interface 403 are written into a buffer (not shown) and 
then outputted in the 2427 payload bytes of an output 
frame. As previously noted, an ATM cell may overlap 
frames. The upstream bandwidth management mes- 
sages include the previously described assignment 
messages and/or modification messages. Due to their 
relative importance, these PLOAM cells are quickly out- 
putted to the output ATM cell stream from the buffer by 
DFG/ICG 404 in likely priority over ATM data from inter- 
face 403. The microprocessor also periodically gener- 
ates control messages, which are used to check the 
health of each -of the ONUs that are connected to the 
PSPON fiber 402. These control messages are also 
transmitted downstream over an ATM virtual control 
channel. 

[0028] The upstream bandwidth management mes- 
sages (PLOAM cells) are generated by microprocessor 
controller 405 in response to an intraPON message gen- 
erated by upstream circuitry 406. This intraPON mes- 
sage is generated in response to an upstream message 
transmitted on an ATM control virtual channel (VC) by 



one of the connected ONUs. Such an upstream mes- 
sage may be generated either unilaterally by the ONU 
or may be generated in response to a downstream query 
transmitted over the control VC to that ONU. Thus, for 
5 example, if a "sleeping" ONU suddenly wakes up after 
having not transmitted anything upstream for a period 
of time, once a non-zero burst payload is assigned, in- 
formation is sent upstream on that VC to upstream cir- 
cuitry 406 which in turn generates an intraPON mes- 

'0 sage that is inputted to microprocessor controller 405 
and which requests appropriate bandwidth with which 
to transmit upstream. Microprocessor controller 405 
then generates the necessary modification and assign- 
ment messages which allocate payload bytes to that 

J5 ONU in subsequent upstream frames. Similarly, if the 
demand for bandwidth suddenly increases at an ONU, 
such as when a connected PC has a large amount of 
data to transmit, the ONU sends a message on the con- 
trol channel, which generates an intraPON message to 

20 microprocessor controller 405. This in turn causes up- 
stream bandwidth management messages to be gener- 
ated and sent downstream that result in an increase of 
the size of the payload allocated to that ONU. 
[0029] When the buffer within DFG/ICG 404 has no 

25 ATM data cells, ATM voice cells, upstream bandwidth 
management messages, or periodic control messages 
to transmit, DFG/ICG generates idle cells, which are 
recognized as such by receiving ONUs. Regardless of 
the content of its payload, the frame-formatted output of 

30 DFG/ICG 404 is input to a laser 407, which converts the 
electrical signal to an optical signal at a wavelength of 
1550 nm. The optical signal is input to optical splitter 
408 for downstream transmission over PSPON fiber 
402. 

35 [0030] The upstream bandwidth management mes- 
sages outputted by DFG/ICG 404 onto the downstream 
data stream are also inputted to upstream circuitry 406. 
This enables DFG/ICG 404 to properly detect the frame 
structure of subsequent upstream frames that will have 

•*o changed due to the reception at each ONU of the down- 
stream transmitted upstream bandwidth management 
messages. Thus, the upstream bandwidth management 
messages that are inputted to upstream circuitry 406 are 
used to modify the upstream slot memory 41 5 within up- 

•*5 stream circuitry 406. Specifically the entry that corre- 
sponds to the ONU whose slot size has changed needs 
to be updated. Note that the slot assignment memory 
does not contain start-of-burst information. Therefore, 
only the changed burst needs to be changed. 

so [0031] The change to the entries within slot memory 
414 are not effected immediately since the upstream 
bandwidth management messages that have been 
transmitted downstream have a transmission delay and 
electronic response within the ONU. Since this total de- 

55 lay is deterministic, a corresponding delay is implement- 
ed within upstream circuitry 406 so that the expected 
response to the upstream management messages is 
synchronized to the changed locations of the upstream 
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bursts. As was previously discussed., as a result of the 
ranging procedure the total delay is two frames. A third 
frame of delay is inserted within the ONU to compensate 
for any required delays or delays in the electronic cir- 
cuitry. The upstream circuitry 406 thus does not expect 
a response to the upstream bandwidth management 
messages until three frames after their transmission. 
Therefore, the slot memory is not updated until three 
frames after transmission of these messages. 
[0032] In the upstream direction, a stream of variable 
length bursts from the ONUs are sequentially received 
by OLC 401 via PSPON fiber 402 at a 1310 nm wave- 
length, one burst per ONU In tne described embodi- 
ment, as described, each burst consists of a three byte 
header and a variable njmocr of payload bytes. As pre- 
viously noted, every 2430 bytes, the sequence of bursts 
is repeated. These upstream bursts arc inputted to op- 
tical splitter 408. which passes the optical signal to burst 
mode receiver (BMR) 410 Since upstream circuitry 406 
"knows" the sizes and lucatiur *> wheic each burst starts 
and ends within the frame structure BMR 410, in re- 
sponse to a "new burst* s»qnai from upstream circuitry 
406 is ready to lock onto Ihc next burst as a previous 
burst ends, and convert the reccivcc optical signal to an 
electrical signal. The output of BMR A 1 0 is therefore the 
upstream data transmitted by oach ONU 
[0033] As previously notod each burst from an ONU 
includes one byte ior o*rn r*nivr» voice circuit followed 
by ATM data origmarinc; for eiampio from a video ter- 
minal and/or data terminal such as a PC Each burst 
may contain anywhere tro-n less than one ATM cell to 
several ATM cells depensmq Lpon the burst length. 
Further the burst may contain the ATM messages being 
transmitted upstream in response to downstream trans- 
mitted queries, or the A~M messages being transmitted 
to request a change in b*nd*ncth <iiioca:ion. The up- 
stream circuitry 406 upon receiving each burst and in 
response to the associated ONU s entry in the upstream 
slot memory accumulates these bytes associated with 
ATM data to form complete ce is wh ch arc then passed 
to ATM fabric interface 403 These ATM cells are then 
directed through the ATM switching fabnc 201 to the ap- 
propriate SONET interface 202 lor transmission to the 
cell's addressed destination As nctcd the DSO byte 
field 302 in each entry in the upstream slct memory in- 
dicates the number of DS0 voice circuit bytes that pre- 
cede the ATM data within the paytoad ol each burst. The 
up to 48 DSO bytes associated with the voice circuits in 
each frame from all the ONUs connected to PSPON fib- 
er 402 are outputted to a DS1 multiplexor 412 and pack- 
aged together in an ATM ceil by ATM packeti/er 413 as 
two DS1 frames for output through ATM fabric interface 
403 onto the PSTN, if the 32 ONUs have a total of more 
than 48 but less than or equal to 96 active voice circuits, 
then these additional voice circuits are packaged to- 
gether in another ATM cell for output through ATM fabric 
interface 403 onto the PSTN 

[0034] If ATM cells received by DS1 interface 204 of 



FIG. 2 contain less than 48 active DSO channels, re- 
ceived ATM cells from multiple OLCs are typically com- 
bined producing more efficiently utilized DS1 PSTN 
frames. 

5 [0035] FIG. 5 is a block diagram of an ONU 501 , which 
is connected at a business/residence premises. The 
ONU is connected to a PSPON fiber 502, which is con- 
nected to a passive splitter (not shown), which splits the 
downstream optical signal transmitted by the OLC in up 

10 to 32 equal signals. PSPON fiber 502 is connected to 
an optical splitter 503 which separates the downstream 
and upstream transmissions. The downstream signal, 
at 1550 nm is inputted to a photodiode 504, which acts 
as an optical/electrical interface, converting the down- 
is stream optical signal to an electrical signal. The electri- 
cally converted downstream signal is inputted to a 
frame-detection/ ATM-ceil-HEC-delineation/cell-filter- 
ing/clock-recovery circuit 505. Circuit 505 detects the 
downstream data stream and recovers clock from a 

20 clock and data recovery circuit (CDR) (not separately 
shown). The downstream frame is then detected by 
looking for the framing partem. Once framing has been 
established, the framing bytes are "thrown away", leav- 
ing only ATM cells. The coll boundaries arc then dctcr- 

25 mined using HEC delineation. Circuit 505 then deter- 
mines from the cell headers which received cells are be- 
ing broadcast to all connected end users or are directed 
to that particular ONU. Only that subset of all received 
ATM cells that have been broadcast or are directed to 

30 the ONU are outputted onto a receive ATM bus 506, 
which is connected to Ethernet interface 507, video in- 
terface 508, and telephone interface 509. Each interface 
then determines from those cells, which cells it should 
receive. Ethernet interface 507 passes only those cells 

35 that are directed to a connected data terminal (e.g., a 
PC) to its 10baseT Ethernet connection 510. Video in- 
terface 508, which likely includes an MPEG decoder and 
NTSC encoder (not shown) generates from the received 
video cells a conventional television signal that is out- 

•*o putted onto coax connection 511 for transmission to a 
connected analog television set. For upstream video 
communications from, for example, a video camera or 
other video source, video interface 508 would also in- 
clude an MPEG encoder for coding the video signal into 
a digital format. Since downstream voice transmission 
is via an ATM VC containing 48 DSO bytes, telephone 
interface 509 passes onto UTP 512 the single byte per 
received frame associated with its active telephone con- 
nection. If an analog telephone rather than a digital tel- 

50 ephone is connected to UTP 512, then telephone inter- 
face 509 includes a digital/analog converter for down- 
stream voice communications and an analog/digital 
converter for upstream voice communications. If more 
than one telephonic connection is associated with an 

55 ONU . then a separate telephone interface would be con- 
nected to each telephone station set via a separate UTP. 
[0036] A received downstream cell may not be an 
ATM cell that contains information directed to an end 
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user terminal but rather an intraPON cell containing up- 
stream slot management messages, or other control in- 
formation. Such a cell is directed to the ONU microproc- 
essor controller 513 and upstream ranging and burst 
controller 514 by circuit 505. In response to a query 
transmitted downstream by the OLC to the ONU on the 
control channel, such as a status or health check, mi- 
croprocessor controller 513 responds appropriately by 
generating an ATM intraPON message that is outputted 
to upstream ranging and burst (URB) controller 514 for 
transmission upstream to the OLC in an ATM control 
channel 

[0037] URB controller 514 determines exactly when 
the ONU should transmit its upstream burst and how 
many bytes long it should be. It also knows how many 
bytes within a burst's payload are for transmitting DSO 
bytes. In ONU 501 of FIG. 5 : only a single telephone 
interface 509 is shown. Thus, there will be either zero 
or one DSO byte sent over connection 515 lo URB con- 
troller 514 each frame depending upon whether or not 
there is an active telephonic connection ongoing. The 
outputs from Ethernet interface 507 and video interface 
508, however, consists of ATM cells, which are input to 
URB controller 514 via bus 516. URB controller 51 4, for- 
mulates the upstream burst consisting of the three head- 
er bytes, and a payload consisting of the DSO byte, if 
present, which is concatenated with ATM intraPON cells 
from microprocessor controller 513 and data and/or vid- 
eo ATM cells received over bus 516 from Ethernet inter- 
face 507 and video interface 508. If neither the data ter- 
minal connected to Ethernet interface 507 nor a video 
terminal (e.g.. camera) connected to video interface 508 
have any ATM cells to transmit within a burst, then URB 
controller 514 inserts idle cells into the payload of the 
burst, which are recognized as such by the OLC when 
it receives that burst. 

[0038] The time within a frame when URB controller 
514 outputs its burst is function of both where relative 
to the start of the upstream frame its assigned time slot 
is and the ranging delay that is imposed on the output 
of each ONU connected to the common splitter. As pre- 
viously noted, this enables the bursts from the plural 
ONUs to be properly synchronized with one another as 
they are received at the OLC. The burst outputted by 
URB controller 514 is converted to an optical signal by 
a laser 517 operating at a 1310 nm wavelength. The 
1310 nm optical signal is then inputted lo optical splitter 
503 for upstream transmission over fiber 502 back to 
the splitter (not shown). 

[0039] As previously noted, circuit 505 outputs the 
downstream-transmitted upstream bandwidth manage- 
ment messages to both microprocessor 513 and con- 
troller 514. Thus, when a modification message is re- 
ceived, URB controller 51 4 modifies the timing of its slot 
and the number of bytes in the slot in accordance with 
the received messages. If a modification message 
changesthe length of the burst, then URBcontroller514 
changes the number of bytes in its payload accordingly. 



If a received modification message changes the length 
of a burst outputted by another ONU which is located 
within the frame before the burst location of this ONU, 
then the length of the burst outputted by this ONU will 
5 not change, but its location within the frame is changed 
due to the change of the length of a burst from a pre- 
ceding ONU. 

[0040] An ONU that is "sleeping", requiring no band- 
width, may suddenly "wake up" and require bandwidth 

io to transmit upstream. URB controller 51 4 then sends the 
3-byte burst header upstream to the OLC, which re- 
sponds by transmitting a modification message down- 
stream that assigns payload bytes to that ONU's slot. 
URB controller 514, in response to that modification 

15 message, modifies the length of the burst accordingly. 
If during operation additional bandwidth is needed, URB 
controller 514 outputs this bandwidth (BW/) information 
via connection 51 8 to microprocessor controller 51 3. Mi- 
croprocessor controller 514, in response lo lhal BW in- 

20 formation, generates an ATM control message that is 
inputted to URB controller 514 and is transmitted up- 
stream to the OLC. The OLC then generates a modifi- 
cation message, which is transmitted downstream back 
to the ONU to increase the burst length. Similarly, during 

25 operation there may be an under-use of the bandwidth 
assigned to the ONU, which is recognized by URB con- 
troller 514 from a repeated transmission of bursts con- 
taining a plurality of idle cells. That BW information is 
inputted to microprocessor controller 51 3. which gener- 
ic ates an appropriate ATM control message, which is in- 
putted to URB controller 514 and transmitted down- 
stream to the OLC. The OLC, in response thereto, gen- 
erates a modification message that decreases the byte 
length of the burst, enabling those now available bytes 

35 to be assigned to other ONUs. 

[0041] The above-described embodiment has as- 
sumed downstream and upstream transmission over a 
PSPON fiber. The present invention could also be ap- 
plied to any type of fiber using passive or active power- 

40 splitting to any number of endpoints distant from a net- 
work end. Further, the present invention could be ap- 
plied to any type of TDM/TDMA transmission system at 
any frequency or wavelength, be it over wire, over air, 
over microwave, or any other transmission medium 

45 known today or later invented. Further, the term "end 
user terminal" used herein is intended to means a ter- 
minal of any type which receives a downstream signal 
from a network end, and transmits an upstream signal 
back to the network end. Even further, the above-de- 

50 scribed embodiment has assumed transmission of ATM 
cells. Other types of formatted data could equally be 
used such as IP packets. 

[0042] The foregoing merely illustrates the principles 
of the invention. It will thus be appreciated that those 
55 skilled in the art will be able to devise various arrange- 
ments which, although not explicitly described or shown 
herein, embody the principles of the invention and are 
included within its spirit and scope. Furthermore, all ex- 
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amples and conditional language that have been recited 
herein are principally intended expressly to be only for 
pedagogical purposes to aid the reader in understand- 
ing the principles of the invention and the concepts con- 
tributed by the inventors to furthering the art, and are to 
be construed as being without limitation to such specif- 
ically recited examples and conditions. Moreover all 
statements herein reciting principles. aspects : and em- 
bodiments of the invention, as well as specific examples 
thereof, are intended to encompass both structural and 
functional equivalents thereof. Additionally, it is intended 
that such equivalents include both currently known 
equivalents as well as equivalents developed in the fu- 
ture, i.e., any elements developed that perform the 
same function, regardless ol structure. 
[0043] Thus, for example, it will be appreciated by 
those skilled in the art that the block diagrams herein 
represent conceptual views of illustrative circuitry em- 
bodying the principles of the invention. 
[0044] The functions of the various elements shown 
in the FIGS., including functional blocks labeled as 
"processors" or "controllers- may be provided through 
the use of dedicated hardware as well as hardware ca- 
pable of executing software in association with appro- 
priate software. When provided by a processor, the 
functions may bo provided by a single dedicated proc- 
essor, by a single shared processor, or by a plurality of 
individual processors, some of which may be shared. 
Moreover, explicit use of the term "processor" or "con- 
troller* 1 should not be construed to refer exclusively to 
hardware capable of executing software, and may im- 
plicitly include, without limitation, digital signal proces- 
sor (DSP) hardware, read-only memory (ROM) for stor- 
ing software, random access memory (RAM), and non- 
volatile storage. Other hardware, conventional and/or 
custom, may also be included. 

[0045] In the claims hereof any element expressed as 
a means for performing a specified function is intended 
to encompass any way of performing that function in- 
cluding, for example, a) a combination of circuit ele- 
ments which performs that function or b) software in any 
form, including, therefore, firmware, microcode or the 
like, combined with appropriate circuitry for executing 
that software to perform the function. 



Claims 

1. In a TDM/TDMA communications system in which 
a signal is transmitted downstream on a first chan- 
nel over a communications medium from a network 
end to a plurality of network units connected to end 
user terminals, and the plurality of network units 
transmit bursts in sequential fixed-length frames 
upstream over the communications medium to the 
network end. a method comprising the steps of: 

receiving an indication of the bandwidth re- 



quired by the end terminals connected to the 
plurality of network units; 
transmitting information downstream for allo- 
cating bandwidth within each frame to the net- 

5 work units in accordance with the received 

bandwidth requirements of the end terminals 
connected to the network units; and 
receiving an upstream frame in which the 
lengths of the payloads of the bursts from the 

io plurality of network units are determined in ac- 

cordance with the bandwidth requirements of 
the end terminals connected to the network 
units. 

15 2. The method of claim 1 wherein no more than one 
burst from each network unit is received each 
frame, 

3. The method of claim 2 wherein within each received 
20 frame each received burst from a network unit is re- 
ceived immediately after it has finished receiving an 
earlier transmitted burst in the frame from another 
network unit. 

25 4. The method of claim 2 further comprising the steps 
of: 

receiving an indication of a change in the band- 
width requirements at a network unit; 
30 transmitting information downstream to modify 

the length of the payload of the burst transmit- 
ted by that network unit in accordance with the 
changed bandwidth requirements of that net- 
work unit, and 

35 receiving from that network unit in a subse- 

quent frame a burst having the modified pay- 
load length. 

5. The method of claim 4 further comprising the step 
•to of: 

changing the positions within the frame of the 
bursts that follow the burst from that network unit 
whose payload length was modified. 

■*5 6. The method of claim 2 wherein the payload in the 
burst received each frame from a network unit to 
which a predetermined number of active telephonic 
devices are connected includes a fixed number of 
bytes for each of said predetermined number of de- 

50 vices, each of said fixed number of bytes being used 
for carrying upstream a digitized telephone signal 
originating from one of said devices. 

7. In a TDM/TDMA communications system in which 
55 a signal is transmitted downstream on a first chan- 
nel over a communications medium from a network 
end to a plurality of network units connected to end 
user terminals, and the plurality of network units 
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transmit bursts in sequential fixed-length frames 
upstream on a second channel over the communi- 
cations medium to the network end ; a method com- 
prising the steps of: 

allocating the lengths of the payloads in the 
bursts transmitted upstream by the plurality of 
network units according to current bandwidth 
requirements of the end user terminals con- 
nected to the network units; and 
sequentially transmitting from each of the plu- 
rality of network units, within the fixed-length 
frame, a burst having a payload length deter- 
mined from the step of allocating the lengths of 
the payloads. 

8. The method of daim 7 wherein each of the plurality 
of network units transmits no more than one burst 
per frame. 

9. The method of claim 8 wherein within each frame 
each burst is transmitted by a network unit so that 
the network end receives that burst immediately af- 
ter it has finished receiving an earlier transmitted 
burst in the frame from another network unit. 

10. The method of claim 8 further comprising the steps 
of: 

determining a change in the bandwidth require- 
ments at a network unit: and 
modifying the length of the payload of the burst 
transmitted by that network unit in accordance 
with the determined change in the bandwidth 
requirements at that network unit. 

1 1 . The method of claim 1 0 further comprising the step 
of: 

changing the positions within the frame of the 
bursts that follows the burst from that network unit 
whose payload length was modified. 

12. The method of claim 8 wherein the payload in a 
burst received each frame from a network unit to 
which is connected a predetermined number of ac- 
tive telephonic devices includes a fixed number of 
bytes for each of said predetermined number of de- 
vices, each of said fixed numberof bytes being used 
for carrying upstream a digitized telephone signal 
originating from one of said devices. 



13. In a TDM/TDMA communications system in which 
a signal is transmitted downstream on a first chan- 
nel over a communications medium from a network 
end to a plurality of network units connected to end 
user terminals, and the plurality of network units 
transmit bursts in sequential fixed-length frames 
upstream over the communications medium to the 
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network end, apparatus at the network end com- 
prising: 

means for receiving an indication of the band- 
width required by the end terminals connected 
to the plurality of network units; 
means for transmitting information downstream 
for allocating bandwidth within each frame to 
the network units in accordance with the re- 
ceived bandwidth requirements of the end ter- 
minals connected to the network units; and 
means for receiving an upstream frame in 
which the lengths of the payloads of the bursts 
from the plurality of network units are deter- 
mined in accordance with the bandwidth re- 
quirements of the end terminals connected to 
the network units. 

14. The apparatus of claim 13 wherein no more than 
one burst from each network unit is received each 
frame. 



15. The apparatus of claim 14 wherein within each re- 
ceived frame each received burst from a network 
25 unit is received immediately after it has finished re- 

ceiving an earlier transmitted burst in the frame from 
another network unit. 
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16. The apparatus of claim 14 further comprising: 
means for receiving an indication of a change in the 
bandwidth requirements at a network unit; 

means for transmitting information downstream 
to modify the length of the payload of the burst 
transmitted by that network unit in accordance 
with the changed bandwidth requirements of 
that network unit, and 

means for receiving from that network unit in a 
subsequent frame a burst having the modified 
payload length. 



17. The apparatus of claim 16 further comprising: 

means for changing the positions within the 
frame of the bursts that follow the burst from that 
^5 network unit whose payload length was modified. 



18. The apparatus of claim 14 wherein the payload in a 
burst received each frame from a network unit to 
which is connected a predetermined number of ac- 
tive telephonic devices includes a fixed number of 
bytes for each of said predetermined number of de- 
vices, each of said fixed number of bytes being used 
for carrying upstream a digitized telephone signal 
originating from one of said devices. 



50 



55 



19. In a TDM/TDMA communications system in which 
a signal is transmitted downstream on a first chan- 
nel over a communications medium from a network 
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end to a plurality of network units connected to end 
user terminals, and the plurality of network units 
transmit bursts in sequential fixed-length frames 
upstream on a second channel over the communi- 
cations medium to the network end, apparatus at a s 
network unit comprising: 

means for receiving on the first channel a down- 
stream-transmitted message indicating when 
within each fixed-length frame to transmit a 10 
burst and how long the payload of that burst 
should be based on an allocation of the band- 
width within each frame among the plurality of 
network units in accordance with the current 
bandwidth requirements of the end user termi- 1$ 
nals connected to the plurality of network units; 
and 

means for transmitting upstream on the second 
channel a burst at the lime within the frame and 
having a payload length determined from the 20 
received message. 



20. The apparatus of claim 1 9 wherein the transmitting 
moans transmits no more than one burst each 
frame. 25 

21 . The apparatus of claim 20 wherein the transmitting 
means transmits each burst at a time within the 
frame so that it is received at the network end im- 
mediately after the network end has finished receiv- 20 
ing an earlier transmitted burst in the frame another 
network unit. 

22. The apparatus of claim 20 further comprising: 

35 

means for determining a change in the band- 
width requirements of the end user terminals 
connected to the network unit; means for trans- 
mitting the changed bandwidth requirements to 
the network end; and *o 
means for receiving a downstream-transmitted 
message from the network end to modify the 
length of the payload of the burst in accordance 
with the changed bandwidth requirements, the 
transmitting means transmitting the burst up- 4 $ 
stream in a subsequent frame with the modified 
length. 

23. The apparatus of claim 22 wherein the receiving 
means of this network unit receives a downstream- so 
transmitted message from the network end to mod- 
ify the length of the payload of a burst transmitted 

by another network unit, the transmitting means 
transmitting the burst from this network unit up- 
stream in a subsequent frame at an adjusted time 55 
within the frame to compensate for the modified 
payload length of the burst from the other network 
unit if the burst from that other network unit is trans- 



22 

mitted in the frame before the burst from this net- 
work unit. 

24. The apparatus of claim 20 wherein the transmitting 
means transmits in each frame a burst whose pay- 
load includes a fixed number of bytes for each of a 
predetermined number of active telephonic devices 
which are connected to the network unit, each of 
said fixed number of bytes being used for carrying 
upstream a digitized telephone signal originating 
from one of said active telephonic devices. 

25. In a TDM/TDMA optical communications system in 
which an optical signal is transmitted downstream 
at a first wavelength over a fiber from a network end 
to a plurality of optica! network units connected to 
end user terminals, and the plurality of optical net- 
work units transmit bursts in sequential fixed-length 
frames upstream over the fiber at a second wave- 
length to the network end, an optical line card at the 
network end comprising: 

a frame generator that generates fixed-length 
downstream frames containing information 
transmitted to the plurality of optical network 
units; 

a processor that generates upstream band- 
width management messages which are incor- 
porated by the frame generator in the informa- 
tion transmitted in the downstream frames, the 
upstream bandwidth management messages 
providing information to the optical network 
units for adjusting the lengths of the payloads 
of the bursts and position bursts transmitted up- 
stream; 

upstream circuitry including a storage medium 
on which is stored burst information used for 
determining the length of the payload and the 
position of each burst within each fixed-length 
upstream frame, the length of each payload be- 
ing determined by an allocation of the band- 
width within each frame among each of the 
transmitting optical network units in accord- 
ance with the bandwidth requirements of the 
active end user terminals connected to each 
optical network unit; and 
a burst receiver which in response to the burst 
information stored in the storage medium sep- 
arately detects each burst within each up- 
stream transmitted frame and provides the in- 
formation transmitted in each burst to the up- 
stream circuitry. 

26. The optical line card of claim 25 wherein the burst 
receiver receives no more than one burst from each 
optical network unit each frame. 

27. The optical line card of claim 25 wherein the up- 
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stream circuitry receives information in a burst from 
an optical network unit representing a request for a 
modification of the length of the burst payload, the 
upstream circuitry sending a message to the proc- 
essor which generates an upstream bandwidth 5 
management message to modify that burst payload 
length, which message is also inputted to the up- 
stream circuitry to modify the stored burst informa- 
tion. 

10 

28. The optical line card of claim 27 wherein the up- 
stream bandwidth management message inputted 
to the upstream circuitry modifies in the storage me- 
dium the length of the modified burst payload and 

the position within the frame of the bursts that follow '5 
that payload-modified burst. 

29. The optical line card of claim 25 wherein the pay- 
load in a burst received each frame from an oplical 
network unit to which is connected a predetermined 20 
number of active telephonic devices includes a 
fixed number of bytes for each of said predeter- 
mined number of devices, each of said fixed 
number of bytes being used for carrying upstream 

a digitized telephone signal originating from one of 25 
said devices. 
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